Abstract. The object of this paper is to study a new control structure for sensorless induction machine dedicated to electrical drives using a five-level voltage source inverter (VSI) 
Introduction
The rapid development of the capacity and switching frequency of the power semiconductor devices and the continuous advance of the power electronics technology have made many changes in static power converter systems and industrial motor drive areas. The conventional GTO inverters have limitation of their dc-link voltage. Hence, the series connections of the existing GTO thyristors have been essential in realizing high voltage and large capacity inverter configurations with the dc-link voltage [1] . The vector control of induction motor drive has made it possible to be used in applications requiring fast torque control such as traction [2] .
The Conventional DTC requires no mechanical sensor, no current regulator, no coordinate transformation and depends only on stator resistance. Because of its good dynamic performances and the robustness, it has been widely used despite the inherent drawbacks (e.g., variable switching frequency, high torque ripples at low speed) [3] .
Even though DTC has existed for approximately two decades, considerable research effort is still being devoted to the elimination of its inherent disadvantages. One more significant disadvantage of conventional DTC is ripple, which exists in the torque and flux variables. This undesirable ripple is of higher value when the selected state of the inverter remains unchanged for several sampling periods. In DTC method, two hysteresis controllers are used to regulate stator flux and motor electromagnetic torque. The main point in this method is choosing a switching voltage vector to put torque and stator flux in the predetermined bands. Since, hysteresis controller is on-off controller and has two amounts then it's action in facing with torque's large and small errors will be the same. Therefore, a big torque ripple will be produced. Several techniques have been developed to improve the torque performance [4] . In this work, to get a suitable operation, we suggest fuzzy logic method. Generally, in fuzzy logic direct torque control method (FLDTC), torque error is divided to different sectors and in each sector, suitable control signal is used. Also, in this method in spite of conventional DTC, the same voltage vectors for different flux positions in the π/3 region are not used. Above benefits also increases system's speed [5] . Fig. 1 shows the schematic diagram of neutral point clamped (NPC) five-level VSI. Each phase of this inverter consists of four clamping diodes, eight GTO thyristors and eight freewheeling diodes. Table. 1 shows the switching states of this inverter. Since three kinds of switching states exist in each phase, a five level inverter has 61 switching states. A two-level inverter is only able to produce six non-zero voltage vectors and two zero vectors [2, 8] . The representation of the space voltage vectors of a five-level inverter for all switching states forming a four-layer hexagon centered at the origin of the (d, q) plane and a zero voltage vector at the origin of the plane, as depicted in figure 2 
Five-Level Inverter Topology

Dynamic Model of IM and DTC conventional
The state space representation of the induction motor with biphase model in the stationary reference frame is given by (1) in the vector-matrix form. Stator flux, stator currents and rotor speed are considered as the state variable of the system.
(1) 
where r T is the rotor time constant and  is the leakage coefficient. The electromagnetic torque and the rotor speed are given by: J and B are the motor inertia and viscous friction coefficient respectively.
The principle of fuzzy direct torque control
The principle of fuzzy direct torque control (DTC) is similar to traditional DTC. To obtain improved performance of the DTC drive during start-up or during changes in the reference flux and torque, it is possible to use a fuzzy-logicbased switching vector selection process. For this purpose, a Mamdani type fuzzy logic system will be used and a rule base has to be formulated, where the different voltage states are selected by using the flux and torque errors and also the position of the stator flux linkage space vector. Thus the goal is to use a fuzzy logic system, which improves the system performance (i.e. gives faster torque and flux responses), and outputs the zero and non-zero voltage switching states (n) and uses three quantities as purpose, during start-up, switching states giving a higher increase in stator flux modulus have to be selected by the fuzzy system and during this time, the changes in the torque are small. When the flux error becomes small, switching states which give faster increase in the torque have to be selected by the fuzzy logic system [5, 6] . The selection of the appropriate rule base of the fuzzy logic system is now discussed.
Switching vector selection using a fuzzy rule base
Each of the rules (in the rule base) can be described by the
and the control variable, which is in the switching state (n). The general ith rule is as follows:
The actual rule can be simply obtained by using physical considerations or simulations of the DTC drive system. The simplest procedure is to obtain these by physical considerations using vector diagrams which show the stator flux linkage space vector at a given instant of time and also the different switching vectors. 
Membership functions shown in Figure. 3 which are based on the fuzzy controller's three inputs have been obtained by using trial and error method.
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Fig. 3. Memberships of fuzzy controller inputs
By using above flux vector membership, the number of rules will be 468 [7] . So for reducing the number of rules, following membership for flux vector position will be suggested that can only cover the area between 0, 6 
where:  is the input angle of fuzzy logic controller, (rem)
is an integer regulator [9] .
Fuzzy inference
The goal of the fuzzy system is to obtain a crisp value on its output, which is the appropriate switching state. The inference mechanism is now described briefly. It has been shown above that there are 78 rules, and a general ith rule has the following form (1) thus by using the minimum operator for the fuzzy AND operation, the firing strength of the ith rule (i= 1, 2, 3, …, 78 ),α i , can be obtained by considering: (7) min( ( ), ( ), ( ))
are the memberships of fuzzy sets Ai, Bi, Ci of the variables flux error, torque error and flux position respectively. The output from the ith rule is then obtained by using:
Where μ Ni (n) is the membership function of fuzzy set Ni of the variable n. Hence the overall (combined) membership function of the output n is obtained by using the max operator as:
In this case the outputs are crisp numbers, (switching state), and for defuzzification the maximum criteria used.
The maximum criterion produces the point at which the possibility distribution of the control action reaches a maximum value. PL1  V14  V17  V24  PL2  V15  V17  V25  PM1  V18  V17  V28  PM2  V13  V11  V23  PS1  V9  V11  V19  PS2  V12  V11  V22  ZE  V0  V0  V0  NS2  V52  V0  V42  NS1  V56  V41  V46  NM2  V53  V47  V43  NM1  V58  V42  V48  NL2  V55  V46  V45  NL1  V54  V43  V44   2      EΦ  EГ  P  Z  N   PL1  V14  V17  V24  PL2  V20  V17  V30  PM1  V18  V17  V28  PM2  V13  V11  V23  PS1  V16  V11  V26  PS2  V12  V11  V22  ZE  V0  V0  V0  NS2  V52  V0  V42  NS1  V59  V41  V49  NM2  V53  V47  V43  NM1  V58  V42  V48  NL2  V60  V49  V50  NL1  V54  V43  V44 In this way the value of the fuzzy output, which has the maximum degree of belongingness, is used as the control output. The value of s according to μNi(n), is a fixed and absolute one and based on actual flux position should change to a suitable real voltage vector till can apply to the inverter [10, 11, 12] . 
Defuzzification
Usually after fuzzy inference, the output is shown with a fuzzy set which according to conventional methods should change to non-fuzzy set. In this method, the output is a fixed and absolute value which explains one of inverter's 61 vectors, therefore, these values can be directly applied to the inverter. Then, in this paper we don't need defuzzification [12, 13] .
Simulation Results
To verify the technique proposed in this paper, digital simulations based on Matlab/Simulink have been implemented. The induction machine used in this system is listed in the Appendix (table 3) The figure 8 shows that switching states has become more regular and also torque ripple is less in FLDTC.
The simulation results in Fig.9 show that the current's stator ripples with FDTC is significantly reduced compared to DTC conventional Fig.7 . The ripple of Torque with FDTC strategy is significantly reduced. The ripple of stator flux trajectory with FDTC is significantly reduced Fig.13 compared to Fig.10 .
It's seen that the statorique currents in FLDTC presented a good THD 12,5% Fig.12 compared with the results obtained with DTC conventional Fig.7 .
The Fuzzy direct torque control (FDTC) of an induction machine supplied by five level inverters reduces advantage the harmonics of currents and the ripple of torque and flux. 
Conclusion
In this paper, a novel fuzzy logic direct torque control with five level inverter scheme technique is presented. In DTC method, two hysteresis controllers are used to regulate stator flux and motor electromagnetic torque. The main point in this method is choosing a switching voltage vector to put torque and stator flux in the predetermined bands. Since, hysteresis controller is on-off controller and has two amounts then its action in facing with torque's large and small errors will be the same. Therefore, a big torque ripple will be produced. So we suggest fuzzy logic method to get a suitable operation.
Fuzzy logic controller applied to switching table, therefore, choosing voltage vectors is done with more accuracy. This controller use the torque error, flux error and also the position of stator flux as inputs and the output of it is a suitable voltage vector which should apply to the motor. To reduce the number of rules and also increase controller's speed, we use particular mapping for the stator flux position. By applying this controller not also the quality of system keeps but also its speed increases.
The simulation results suggest that Fuzzy DTC of induction machine can achieve precise control of the stator flux and torque. Compared to conventional DTC, presented method is easily implemented, and the steady performances of ripples of both torque and flux are considerably improved
